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Modulators of Expression and Function of LRP in Alzheimer^s Disease 

Rights of the United States Government 
Part of the woric perfbnned during development of this invration xitilized 
U.S. government funds in the fonn of grant GM42581, grant HL50787, and grant 
AG12406, all from the National Institutes of Health. The U.S. government 
therefore has certain rights in one or more embodiments of this invention. 

FieU of the Invention 
The present invention broadly relates to the treatment, diagnosis, and 
prophylactic prevention of Alzheimer's disease. More specifically, the present 
invention relates to methods and compositions for preventing the endocytosis and 
cellular internalization of integral membrane amyloid P-precursor protein (APP) 
and its subsequent catabolism by blocking or interfering with the association or 
binding of APP with members of the low density lipoprotein receptor family. 

Background of the Invention 
Alzheimer*s disease (AD) is a late onset neurodegenerative disorder 
characterized by the extracellular deposition of insoluble aggregates composed of 
the 40 to 42 amino acid Ap peptide in the brain (Glenner and Wong, Biochem, 
Biophys, Res. Commun, 720:885-890(1984); Masters et aL, EAdBO J, 42151- 
2763 (1985)). Ap peptide is derived from an integral membrane protein termed 
amyloid P-protein precursor protein (APP) (Tanzi et al.. Science 255:880 (1 987); 
Kang et al.. Nature 525:733-736 (1987)). The function and metabolism of APP 
have been the subject of intensive study due to the fact that mutations in APP are 
associated with an autosomal dominant form of AD, (Goate et aL, Nature 
5-/P;70^-707 (1991)) and over-production of APP is the presumptive cause of AD 
in trisomy 21 (Tanzi et a/.. Science 255:880 (1987); Hyman et aL, Proc. Natl 
Acad. ScL USA P2:3586-3590 (1995)). Multiple APP isoforms can be generated 
by alternatively splicing of mRNAs. The major isoforms in brain are APP695, 
APP751. and APP770 containing 695, 751 and 770 amino acids, respectively. 
These isoforms are transmembranous proteins having large extracellular regions. 
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^th hydrophobic memfanuie spanning domains and short cytoplasmic segmmts. 
APP is also a monb^ of an evolutionaiy conserved family of proteins which 
mclude the APP-like protems, APLPl and APLP2 (Wasco et al., Proc. Natl 
Acad Set USA «P:10758-10762 (1992); Wasco et al. Nature Genet. 5:95-100 
5 (1993); Slunt et al., J. Biol. Chenu 25P:2637-2644 (1994)). 

Secreted forms of APP are generated by proteolytic cleavages within their 
extracellular domain close to the transmembrane region. The extracellular regions 
of APP75 1 , APP770, and APLP2 each contain a Kunitz protease mhibitor (KPI) 
domain encoded by an altematively-transcribed exon (Kitaguchi et al.. Nature 

10 537:530-532 (1988); Tanzi et aL, Nature 537:528-530 (1988); Wasco et al. 

Nature Genet 5:95-100 (1993); Slunt etal.J. Biol. Chem. 25P:2637-2644 
(1994)). Secreted forms of APP having the KPI domain correspond to a protease 
inhibitor that has been identified separately and named protease nexin II 
(APP/PN-2) (Van Nostrand and Cunningham, J, Biol Chem. 2(J2:8508-8514 

15 (1987); Oltersdorf a/.. Nature 341:144-147 (1989); Van Nostrand et al. Nature 

5^7:546-549 (1989)), a potent inhibitor of the blood coagulation factors IXa 
(Schmaier et al, J. Clin. Invest. P2:2540-2545 (1993)) and XIa (Van Nostrand et 
al,X Biol Chem. 255:9591-9594 (1990)). APP/PN-2 binds with high afiBnity to 
cultured fibroblasts (Johnson- Wood etal^ Biochem. Biophys. Res. CommurL 

20 200:1685-1692 (1994)), and APP/PN-2:proteinase complexes are internalized and 

degraded by cultured cells (Knauer and Cimningham, Proc. Natl Acad Set USA 
7P:2310-2314 (1982); Knauer e/ a/., J. Cell Physiol 777:385-396 (1983)) 
although the mechanism for this process is unknown. Recent studies have 
identified the low density lipoprotein receptor-related protein (LRP) as the 

25 receptor responsible for the catabolism of another Kunitz-type inhibitor, tissue 

factor pathway inhibitor (TFPI) (Warshawsky et al, Proc. Natl Acad ScL USA 
97:6664-6668 (1994)). 

LRP is a large multiligand receptor (Krieger and Herz, Annu. Rev. 
Biochem. 63:60 1 -637 (1 994)) that is a member of the LDL receptor family, which 

30 also includes the LDL receptor (Yamamoto et al.. Cell 5P:27-38 (1 984)), the 

VLDL receptor (Takahashi etal, Proc. Natl Acad Sci. USA *P:9252-9256 
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(1992)), and glycoprotein 330 (Saito et al,, Proc. Natl Acad. Set USA 91:9725. 
9729 (1 994)). A 39 kDa protein, tenned the receptor associated protein (RAP) 
(Strickland etal.J, Biol. Chem. 13364-1 3369 (1991)) binds to members of 
the LDL receptor family (Williams et al., J. Biol Chent 2(57:9035-9040 (1992); 
5 Koimnas et al,l Biol Chem. 267:21 162-21 166 (1992); Battey et al, J. Biol 

Chem 2(yp:23268-23273 (1 994)) and blocks their ligand binding capacity. LRP 
mediates the cellular uptake and subsequent degradation of proteinases, such as 
tissue-type plasminogen activator (Bu et al^ Proc, Natl Acad Scl USA 89:7427- 
7431 (1992)) and urokinase-type plasminogen activator (Kounnas et al.,J. Biol 

10 Chem. 255:21862-21867 (1993)), proteinase-inhibitor complexes, such as Oj- 

macroglobulin-proteinase complexes (Ashcom era/.,/. CellBiol 770:1041-1048 
(1990); Moestrup and Gliemann, J. Biol Chem. 2«: 15574-1 5577 (1989)), seipin- 
proteinase complexes (Orth et al, Proc. Natl Acad Scl USA 5P:7422-7426 
(1992); Nykjaer et al,J. Bio. Chem, 257:14543-14546 (1992); Poller et al,l 

15 Biol Chem, 270:2841-2845 (1995)), matrix proteins, such as thrombospondin 

(Mikhailenko et al, J, Biol Chem, 270:9543-9549 (1995)), apolipoprotein E 
(apoE)-enriched lipoproteins (fCowal et al, J. Biol Chem, 255:10771-10779 
(1990); Beisiegel et al. Nature 3^7:162-164 (1989)), hepatic lipase (Kounnas et 
al, J. Biol Chem. 270:9307-9312 (1995)) and lipoprotein lipase (ChappeU et al, 

20 1 Biol Chem. 255:14168-14175 (1993)). 

LRP is expressed in many tissues and is a major apoE recqitor in the 
central nervous system (Rebeck et al. Neuron 77:575-580 (1993)). Genetic data 
implicate inheritance of the e4 allele of apoE as a risk factor in AD (Strittmatter et 
al,Proc. Natl Acad Scl USA P0:1977.1981 (1993); Rebeck er a/., Afettrow 

25 77:575-580 (1993); Poirier et al. Lancet 3^2:697-699 (1993); Saunders et al. 

Neurology ^3:1467-1472 (1993)). A possible mvolvement of LRP in AD is 
suggested in part by the observation that LRP, as well as apoE and other LRP 
ligands, decorate senile plaques (Rebeck et al , Ann. Neurol 3 7:2 1 1 -2 1 7 ( 1 995)). 
The ability of LRP to mediate the cellular catabolism of TFPI, a KPI- 
* 30 containing protein, led to the investigation of the role of LRP in the catabolism of 

APP,770. The present inventors have found that LRP is capable of binding and 
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mediating the internalization and degradation of APP,770as well as its complexes 
with proteinases. 

Because catabolism of APP has been shown to genaate the AP peptide, 
vMch is believed to be the causative agent of Alzheuner's Disease, thae is a heed 
5 for compositions and methods which reduce the interaction, cellular 

internalization and subsequ^t C£^aboIism of APP. 

Summary of the Invention 

Accordingly, it is an object of the present invention to provide agents 

10 which bind to APP or LDL-receptor family members and reduce the interaction, 

cellular internalization, and subsequent catabolism of APP. Other objects, 
features and advantages of the present invention will be set forth in the detailed 
description of preferred embodiments that follows, and in part will be s^parent 
fix)m the description or may be learned by practice of the invention. These objects 

IS and advantages of the invention will be realized and attained by the compositions 

methods particularly pointed out in the written description and claims hereof. 

A first embodiment of the present invention therefore relates to agents 
vMch bind to the APP-bincfing site on the LRP particle (Group I agents) and 
agents which bind to the LRP-bmding site found on APP (Group 11 agents). 

20 An additional mibodiment of the present invention relates to DNA 

molecules which encode peptides and antibodies that are Group I agents and/or 
Group n agents and to host organisms that have been transformed with the DNA 
molecules of the present invention. 

The present invention also relates to processes for preparing DNA 

25 molecules which encode a functional derivative or a fragment of LRP, RAP or 

APP. These processes can yield DNA sequences which are inserted into a vector 
DNA containing expression control sequences in such a way that the expression 
control sequences regulate the expression of the inserted DNA. 

A further embodiment of the preset invention relates to methods for 

30 preparing polypeptides that are functional derivatives of LRP which comprise 
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taking the polypeptide tcom the native receptor molecule by enzymatic, such as 
proteolytic, or chemical, such as reductive, treatment 

An additional embodiment of the invention relates to a process for 
pr^axing Group I agents ivhich are a functional derivative of APP or RAP which 
S comprise e^qsressing a recombinant DNA molecule according to the inventioiL 

The present invration further relates to Groiq> n agents which are 
antibodies, or an antibody firagmmt containing the antigen binding domain, that 
bmd to the LRP binding site found on APP. 

Another embodunent of the present invention relates to processes for 
10 preparing Group 11 agents ^ch are a functional derivative of LRP which 

comprise expressing a recombinant DNA molecule according to the invention. 

The present invention additionally relates to hybrid cell lines that secrete 
monoclonal antibodies against the LDL-receptor protein which interfere with APP 
attachment to the LRP receptor. 
IS An additional embodiment of the present invention includes the use of 

Group I agents and/or Group 11 agents for qualitatively and/or quantitatively 
determining or purifying the presence of LRP vMch is foimd in a sample. 

A further embodiment of the present invention includes a test kit for 
determining whether a polypeptide is a Group I agent and/or a Group II agent, this 
20 kit comprising a carrier means having in close confinement therein one or more 

container means at least one of which contains an antibody that binds to the LRP 
binding site found on APP. 

Another embodiment of the present invention relates to processes for 
preparing antibodies that bind to the LRP binding site found on APP, in which a 
25 host animal is inmiunized with one or more polypeptides of Group I and/or Group 

n, the B-lymphocytes of these host animals are fused with myeloma ceils, and a 
hybrid cell line secreting the monoclonal antibody is subcloned and cultivated. 

An additional embodiment of the present invention relates to the use of 
Group I agents and/or Group II agents, or the native receptor molecules of the 
30 LDL*receptor family or pharmaceutically suitable salts thereof, for the therapeutic 

or prophylactic treatment of the human body. 
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The invention also relates to metfiods for reducing the rate of onset or the 
severity of Alzheimer's disease^ comprising administering to an ammal, such as a 
human, one or more Group I agents and/or one or more Group II agents in an 
amount effective to reduce the rate of APP attachment to its receptor. 

A further embodiment of the present invention relates to pharmaceutical 
compositions for therapeutic treatment of Alzheim^'s disease, comprismg one or 
more of Group I agents and/or one or more Groiq> 11 agents and/or the native 
receptor molecule of the LDL-receptor family and a pharmaceutically acceptable 
carrier. 

An additional embodiment of the invaition relates to the use of LRP for 
inhibiting the binding of natural ligands to a member of the LDL-receptor femily 
of proteins. 

An alternative embodiment of the present invention relates to methods 
for identifying substances which inhibit the binding of a ligand (RAP) or APP to a 
protein derived from the LDL-receptor family, comprising the steps of: 

a) incubating the receptor, or a soluble form of the receptor, with 
RAP or APP in the presence of a potential inhibitor substance; 
and 

b) determining the extent of binding of RAP or APP to the receptor 
or receptor fragment. 

Another embodiment of the present invention relates to methods for 
detecting recq>tors of the LDL-receptor family, comprising the steps of: 

a) incubating a substance derived from a fragment of RAP or APP 
which contains a binding activity for the receptor with a sample; 
and 

b) determining the extent of binding of the RAP or APP material to 
the sample. 

A further embodiment of the present invention relates to methods for 
supplying a therapeutically active substance into a canying cell, characterized m 
that 
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a) abagjoojoA of RAP or APP with abinding activity oniht LDL- 
receptor is coiq>l6d with the therapeutic substance; and 

b) the said material is added to the corresponding cell material, 
bound to the receptor and in this way the therapeutically active 
substance is introduced into the cell. 

It is to be understood that both the foregoing general description and the 
following detained desmption are exemplary and explanatory only and are 
intended to provide further e3q)lanation of the invention as claimed 

BrUfDescr^tion of the Figures 
Figure 1 shows the catabolism of APP by fibroblasts contairung LRP 
(panel A) compared to the absence of catabolism of APP by fibroblasts deficient 
in LRP (panel B) and the absence of catabolism of APP lacking the KPI domam 
by either LRP-containing or LRP-deficient fibroblasts (panels C and D). Note the 
inhibition of catabolism of APP by the addition of RAP in fibroblasts containing 
LRP (panel A). 

Figure 2 shows the internalization and degradation of LDL by both LRP- 
containing and LRP-deficient fibroblasts (panels A and B) and the intemali2ation 
and degradation of ctj-macroglobulin by LRP-containing fibroblasts and the lack 
of both internalization and degradation of Oj-macroglobulin by LDL-deficient 
fibroblasts (panels C and D). 

Figure 3 shows the internalization and degradation of APP by LRP- 
containing fibroblasts (panels A and B) and the substantially lower level of 
intemalization and degradation of APP by LRP-deficient fibroblasts (panels C and 
D). Note the inhibition of intemalization of APP by the addition of heparin 
(panels A, B, C and D). 

Figure 4 shows tiie inhibition of APP degradation by LRP-binding 
ligands in LRP-containing fibroblasts (panel A) and the lesser effect of these 
ligands on APP degradation by LRP-deficient fibroblasts (panel B). 

Figure 5 shows the direct ability of APP to bind LRP as measured by 
en2yme-linked immunosorbant assay (ELISA) using anti-APP (panel A) as 
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compared to the amount of LRP available for binding (panel B). Note the 
inhibition of APP bindmg by RAP, an LRP ligand (panel C). 

Figure 6 shows the enhancement of degradation of APP in LRP- 
containing fibroblasts by coupling with coagulation factor IXa (panel A) as 
compared to the degradation of APP in LRP-deficient fibroblasts (panel B). Note 
the inability of this complexing to avoid inhibition of degradation by RAP ^anel 
A). 

Figure 7 shows a slight inhibition of APP degradation in LRP-containing 
fibroblasts by competition with apolipoprotein E3/p very low density lipoprotein 
or apolipoprotein E4/p very low density lipoprotein (pmel A) as compared to the 
same competition in LRP-deficient fibroblasts. 

Detailed Description of the Preferred Embodiments 

As used herein, the LDL-receptor family is defined as those proteins 
^^ch are recognized in the art as being formed ftom four structurally-related cell 
surface receptors and vdiich mediate the endocytosis of lipoproteins and other 
plasma proteins (Brown et al, Curr. Opin. Lipidology 2:65-72 (1991)). These 
receptors share the following common features: cysteine-rich repeats which are 
responsible for ligand binding; cysteine-rich repeats of the epidermal growth 
factor-type (EGF-type); tyrosine-tryptophan-threonine-aspartate repeats; a single 
region spanning the membrane; and at least one internalizing signal (Willnow et 
al,J. Biol Chem. 2(57:26172-21180 (1992)). 

As used herein, an agent is said to reduce the amount or rate of binding if 
the amoimt or rate of binding is less in the presence of the agent than when the 
agent is absent. Under conditions Mdien the amotmt or rate of reduction is nearly 
complete, there will be an actual inhibition or total blocking of binding. 

As used herein, the agents of the present invention, /.e. the Group I 
agents and the Group 11 agents, may be any composition of matter provided that it 
has the ability to bind to the APP-binding site on LRP (Group I) and/or the ability 
to bind to the LRP-binding site on APP (Group 11). Suitable agents exhibiting 
these properties include, but are not limited to, peptides, antibodies, 

8 
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carbohydrate, nucleic acids, vitamins, phannaceutical agents, and the like, 
including derivatives thereof. 

The agents of the present invention may be identified and/or prepared 
according to any of the methods and techniques knoiw to those skilled in the art 
These agents, particularly peptide agents and antibody agfflts» may occur or be 
produced as monomer, dimers,trimers, tetrameres or multimers. Such multimers 
can be prepared using enssymatic or chemical treatment of the native receptor 
molecules or be prepared usmg recombinant techniques. 
Preferably, the agents of the preset invention are selected and screened at random 
or rationally selected or designed using protein modeling techniques. 

For random screening, candidate agents are selected at random and 
assayed for their ability to reduce the amount or rate of binding of the amyloid P- 
precursor protein (APP) to the LDL receptor-related protein (LRP). Any of the 
suitable methods and techniques known to those skilled in the art may be 
employed to assay candidate agents. 

For rational selection or design, the agent is selected based on the 
configuration of the LRP binding site found on APP or the APP binding site foimd 
on the LRP. Any of the suitable methods and techniques known to those skilled in 
the art may be employed for rational selection or design. For example, one skilled 
in the art can readily adapt currently available procedures to generate antibodies, 
peptides, pharmaceutical agents and the like capable of binding to a specific 
peptide sequence of LRP or APP. Illustrative examples of such available 
procedures are described, for example, in Hurby et al^ "Application of Synthetic 
Peptides: Antisense Peptides," in Synthetic Peptides, A User's Guide j W.H. 
Freeman, NY, pp. 289-307 (1992); Kaspczak et aL, Biochemistry 28:9230 (1989); 
and Harlow, Antibodies, Cold Spring Harbor Press, NY (1990). 

The agents of the present invention can alternatively be identified using 
modification of methods known in the art. For example, suitable peptide agents 
may be identified using the filter binding assay described by Mischak et al, 
(Mischak et al,,J. Gen. Virol. 5P:2653-2656 (1988) and Mischak et al. Virology 
755:19-25 (1988)), wherein the peptide is applied to a suitable membrane, such as 



wo 97/04794 



PCr/US96/12686 



nitrocelliilose, and the membrane is saturated with a detergent mixture in order to 
block any non-specific binding. The treated membrane is then incubated with 
labeled rhinovirus, e.g. with HRV2 labeled with ^^S-methionine, in order to check 
the specific binding. After washing and drying of the membrane, specific binding 
can be visualized by autoradiography. 

As noted above, the Group I ag»ts of the present invention include those 
agents v^ch bind directly to the APP bmdmg site found on the LRP. 
Additionally, flie Group I agents of the presait invention bmd to the LRP in 
interfering proximity with the APP binding site or bind to the LRP in such a 
manner so as to conformationally alter the APP bindmg site. Suitable Group I 
agents can therefore be first identified by their ability to bind the LRP and then by 
their ability to reduce the amount or rate at which APP bmds to LRP. Illustrative 
examples of Group I agents of the present invention include, but are not limited to: 
soluble Augments of APP containing the KPI domain; anti-LRP antibodies; 
soluble fragments of receptor associated protein (RAP); ecj- 
macroglobulinrprotemase complexes; pregnancy zone protein (PZP):proteinase 
complexes; tissue*^e plasminogen activator; pro-urokinase-type plasminogen 
activator; tissue factor patiiway inhibitor, apolipoprotem E-enriched lipoproteins; 
lipoprotein lipase; hepatic lipase; thrombospondin; and lactoferrin. 

Preferred Group I agmts are based on and derived from the amino acid 
sequence of the receptor associated protein (RAP). An especially preferred type 
of Group I agent is isolated RAP or a fragment thereof, such as a soluble fragment 
of RAP which contams the LRP binding site. Such agents act as competitive 
inhibitors of APP binding to its receptor in vitro as well as in vivo. 

The preferred fragments of RAP are soluble under physiological 
conditions. The C-tenninus of these polypeptides can be shortened as desired, 
provided that the binding capacity for the LRP particle remains intact. The 
preferred amino acid sequence of RAP corresponds to the human protein. 
Suitable RAP sequences can also be derived from the amino acid sequence of 
RAP isolated firom other mammals or amphibia. 
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RAP» or a fragment thereof^ may be produced using any of the methods 
and techniques known to those skilled in the art For example, RAP can be 
piuified fiom a source which naturally expresses the protein, can be isolated from 
a recombinant host which has been altered to express RAP or fragment thereof or 
can be synthesized using protein synthesis techniques known in the art The 
skilled artisan can readily adapt a variety of techniques in order to obtain Groiq) I 
peptide agents ^ch contain the LRP binding site found on RAP. 

The isolation of native RAP proteins is known, as described, for example, 
in Ashcom et al, J> Cell Biol /70:1041-1048 (1990) and Jensen et al, FEES 
Lett 255:275-280 (1989). In order to graerate fragments of RAP v^iiich contains 
the LRP binding site, isolated native protein may be converted by enzymatic 
and/or chemical cleavage to generate fragments of the whole protein, for example 
by reacting cell lines which express an RAP with an enzyme such as papain or 
trypsin or a chemical such as cyanogen bromide. Proteolytically active enzymes 
or chemicals are preferably selected in order to release the extracellular receptor 
region. Fragments which contain the LRP binding site, especially fragments 
which are soluble under physiological conditions, can then be isolated using 
known methods. 

Alternatively, RAP or a fragment of RAP may be expressed in a 
recombinant bacteria, as described, for example, in l^Uiams et al, J. Biol Chem. 
257:9035-9040 (1992) and Wurshawsky et al, J. Biol Chem, 269:3325-3330 
(1994). 

The Group II agents of the present invention include compositions which 
bind to the LRP binding site found on APP. Additionally, the Group II agents of 
the present invention include compositions that bind to APP in interfering 
proximity to the LRP binding site. Suitable Group II agents can therefore be first 
identified by their ability to bind to APP and then by their ability to reduce the 
amount or rate at which APP binds to LRP. Illustrative examples of the Group II 
agents of the present invention include, but are not limited to, antibodies which 
bind to the LRP binding site found on APP and soluble fragments of LRP. 
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Preferred Group 11 agents include antibodies and antibody fragments 
which are capable of binding to a r^idue found on APP and consequently act as a 
competitive inhibitor for LRP binding. The most preferred antibodies or antibody 
fragments of the present invention bind to an LRP-specific epitope in APP. 
Antibodies, or other Group n agents such as anti-sense peptides, which bind to 
epitopes within this sequence reduce the amount or rate of APP bmding to LRP. 

The antibodies of the present invmtion include polyclonal and 
monoclonal antibodies, as well as antibody fragmrats and derivatives that contain 
the relevant antigen binding domain of the antibodies. Sudi antibodies or antibody 
fragments are preferably used in the diagnostic and ther^eutic embodiments of 
the present inventioiL 

Suitable monoclonal and polyclonal antibodies may be prepared by any 
of the methods and techniques well known in the art, such as described in, for 
example, A.M. Campbell, Monoclonal Antibody Technology: Laboratory 
Techniques in Biochemistry and Molecular Biology^ Elsevier Science Publishers, 
Amsterdam, The Netherlands (1984) and Harlow; Antibodies^ Cold Spring Harbor 
Press, NY (1989). For example, an antibody cspsic\& of binding to a domain of 
APP can be generated by immunizing an animal with a polypeptide whose 
sequence is encoded by that domain. Any animal (mouse, rabbit, etc.) which is 
known to produce antibodies can be utilized to produce antibodies with the desired 
specificity and suitable methods for immunization of these animals are well 
known in the art, including, for example, subcutaneous or intraperitoneal injection 
of the polypeptide. One skilled in the art will recognize that the amount of 
polypeptide used for inununization will vary based on a number of factors, 
including the animal which is immimized, the antigenicity of the polypeptide 
selected, and the site of injection. 

The polypeptides used as an immunogen may be modified as appropriate 
or administered in an adjuvant in order to increase the peptide antigenicity. 
Suitable methods increasing antigenicity are well known in the art, and include, 
for example, coupling the antigen with a heterologous protein (such as globulin or 
p-galactosidase) or through the inclusion of an adjuvant during immunizatioiL 

12 
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A preferred method of generating monoclonal antibodies comprises 
removing spleen cells from the immunized animals, fiising th^ cells with 
myeloma cells, such as SP2/0-Agl4 myeloma cells, and allowing them to become 
monoclonal antibody-producing hybridoma cells. Any one of a number of 
methods well known in the art may be used to idmtify the hybridoma cell which 
produces an antibody with the desired diaractmstics. These include screening the 
hybridomas with an ELISA assay, westem blot analysis, or radioinununoassay 
(Lutz et al. Exp. Cell Res. 775:109-124 (1988); Kishimoto et al, Proc. Natl 
Acad. Set USA 87:2244-724% (1990)). Hybridomas secreting the desired 
antibodies are cloned and the class and subclass of the secreted antibodies are 
determined using procedures known in the art (Campbell, A.M., Monoclonal 
Antibody Technology: Laboratory Techniques in Biochemistry and Molecular 
Biology^ Elsevier Science Publishers, Amsterdam, The Netherlands (1984)). 

For polyclonal antibodies, antibody-containing antisera is preferably 
isolated from the immunized animal and is screened for the presence of antibodies 
with the desired specificity using one of the above-desoibed procedures. 

The present invention finther provides hybrid cell lines \^ch secrete 
monoclonal antibodies selective for the peptide agents of Group I and/or Group 11. 
These monoclonal antibodies are capable of wholly or partially neutralizing the 
activity of the polypeptides or specifically binding to one of the said polypeptides. 
These monoclonal antibodies can be used for qualitative and/or quantitative 
measurement or for purification of the polypeptides according to the invention* 
The present invention therefore also includes test systems which contain the 
monoclonal antibodies herein described. 

Antibodies may be used as an isolated whole antibody, or can be used as 
a source for generating antibody fragments which contain the antigen binding site 
of the antibody. Examples of such antibody fragments include, but are not limited 
to the Fy, the F(ab), the F(ab)2, fragment, as well as single chain antibodies. 
Various methods known in the art can be used to generate such fragments without 
undue experimentation. Recombinant techniques are preferred for generating large 
quantities of antibodies, antibody fragments and single chain antibodies, as 

13 
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desmbed, for example, in Pluckthum, Bio/Technology 70:163-167 (1992); Carter 
et at, Bio/Technology 70:167-170 (1992); and Mullinax et al., Biotechniques 
72:864-869 (1992). In addition, recombinant techniques may be used to generate 
het^bifunctional antibodies. 
S In general, recombinant production of antibodies, antibody fragments or 

derivatives tiiereof, uses mRNA encoding an antibody which is isolated from 
hybridoma ceUs that produce the desired antibody. This mRNA is then used as a 
source for generating a cDNA molecule which encodes the antibody, or a 
fragment thereof. Once obtained, the cDNA may be amplified and expressed 

1 0 according to known methods in a variety of eukaiyotic and prokaxyotic hosts. 

The present invention further includes derivatives of antibodies (antibody 
derivatives). As used herein, an "antibody derivatives" contain an antibody of the 
present invention, or a fragment thereof, as well as an additional moiety which is 
not normally a part of the antibody. Such moieties may improve the solubility, 

15 absorption, biological half-life, etc., of the antibody, decrease the toxicity of the 

antibody, eliminate or attenuate any undesirable side effect of the antibody, or 
serve as a detectable marker of the presence of the antibody. Moieties capable of 
mediating such efiTects are well known in the art 

Detectably labeled antibodies constitute a special class of the antibody 

20 derivatives of the preset invention. An antibody is said to be "'detectably labeled" 

if the antibody, or fragment thereof, is attached to a molecule which is enable of 
identification, visualization, or localization using known methods. Smtable 
detectable labels include radioisotopic labels, enzyme labels, non-radioactive 
isotopic labels, fluorescent labels, toxin labels, affinity labels, chemiluminescent 

25 labels and nuclear magnetic resonance contrast agents. 

Illustrative examples of suitable enzyme labels include, but are not 
limited to, malate dehydrogenase, staphylococcal nuclease, delta-5-steroid 
isomerase, yeast-alcohol dehydrogenase, alpha-glycerol phosphate dehydrogenase, 
triose phosphate isomerase, peroxidase, alkaline phosphatase, asparaginase, 

30 glucose oxidase, beta-galactosidase, ribonuclease, urease, catalase, glucose-6- 

phosphate dehydrogenase, glucoamylase, and acetylcholine esterase. 
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Examples of suitable radioi^topic labels include, but are not limited to, 
U "'In, '^I, '^C, ^'Cr, ^o, ^o, ^Te, ^^Se, '^^u, «>Y, ^^Cu, ^'^Ci, 
^"At, 2*^Pb, ^Sc, '^d, etc. "'In is a preferred isotope \\*ere in vivo imaging is 
used since its avoids the problem of dehalogenation of the or ^^'Habeled 
S monoclonal antibody by the liver. In addition, this radionucleotide has a more 

&vorable ganuna emission energy for imaging (Perkins et al„ Eur. J. Nucl Med 
70:296-301 (1985); Carasquillo eial., J. Nucl Med 2&281-287 (1987)). For 
example, '"In coupled to monoclonal antibodies with l-(p-isothiocyanatobem7l> 
DPTA has shown little uptake in non-tumorous tissues, particularly the liver, and 
10 therefore enhances specificity of tumor localization (Esteban et al, J. Nucl Med 

2ft861-870 (1987)). 

Illustrative examples of suitable non-radioactive isotopic labels include, 
but are not limited to, '^^Gd, ^^Mn, '^^Dy, ^^r, and^Fe. 

Illustrative examples of suitable fluorescent labels include, but are not 
15 limited to, an '"Eu label, a fluorescein label, an isothiocyanate label, a rhodamine 

label, a phycoerythrin label, a phycocyanin label, an allophycocyanin label, an o- 
phthaldehyde label, and a fluorescamine label. 

Illustrative examples of suitable toxin labels include diphtheria toxin, 
ricin, and cholera toxin. 

20 Illustrative examples of chemiluminescent labels include a luminal label, 

an isoluminal label, an aromatic acridinium ester label, an imidazole label, an 
acridiniiun salt label, an oxalate ester label, a luciferin label, a luciferase label, and 
an aequorin label. 

Illustrative examples of nuclear magnetic resonance contrasting agents 

25 include paramagnetic heavy metal nuclei such as Gd, Mn, and Fe. 

Typical techniques for binding the above-described labels to antibodies 
are provided by Kennedy et al {Clin, Chim, Acta 70:1-31 (1976)), and Schurs et 
al {Clin. Chim. Acta 5/ : 1-40 (1977)), which are both herein incorporated in their 
entirety by reference. Coupling techniques mentioned in the latter reference 

30 include the glutaraldehyde method, the periodate method, the dimaleimide 

method, and the m-maleimidobenzyl-N-hydroxy-succinimide ester method. 
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The present invention additionally includes humanized fonns of tiiese 
antibodi^. Humanized fonns of tfxe antibodies may be produced, for example, by 
replacing an immunogenic portion of an antibody vn&x a corresponding, non- 
immunogenic portion (chimeric antibodies) (Better, et al.. Science 2^0:1041-1043 
(1 988)). Alternatively, suitable '^humanized" antibodies can be produced by CDR 
or CEA grafting/substitution as described, for example, in Jones, et al., Nature 
527:552-525 (1986); Veriiocyan et aL. Science 239:1534 (1988); and Beidler, et 
al,, J. Immvnol 7-/7;4053^060 (1988). 

Anotiier type of flie Group II agents of the present invention arc pq)tide 
agents which are classified as antisense-peptide sequences. Antisense-peptide 
sequences are short peptides which are specifically designed to bind to a particular 
amino acid sequence. In general, such antisense peptide agents may be generated 
using mefliods known in the art, such as those described, for example, in Hurby 
et al, "Application of Synthetic Peptides: Antisense Peptides," in Synthetic 
Peptides. A User's Guide, W.H. Freeman, NY, pp. 289-307 (1992) and Kaspczak 
et al.. Biochemistry 25:9230-8 (1 989). 

An additional class of the Group II agents of the invention are natural 
ligands of APP. As used herein, a natural ligand of APP is defined as any 
substance which binds to APP, such as soluble fragments of LRP containing tiie 
APP bindmg site. Such soluble fragments may be prepared by any suitable 
method known to those skilled in the art, such as the method of Davis et al.y 
Nature 326:760-765 (1987), which involves deletion of the entire EOF domain. 
Moreover, soluble forms of the receptor may be formed by inserting a stop codon 
in front of the region of DNA encoding the cytoplasmic or transmembrane domain 
(Yokadee/a/.,/ Cell. Biol 777:39(1992)). 

The agents of the present invention may be used in vitro and/or in vivo to 
study LRP attachment and to reduce the rate of onset and/or ameliorate the 
duration and severity of Alzheimer's disease. In addition, the agents of the present 
invention may be used in qualitative, quantitative and preparative assays and 
purification procedures to isolate, identify and facilitate the purification of APP. 
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For in vivo use, the agents of the present invmtion may be provided to a 
patient as a means of reducing the amount or rate of APP binding to LRP 
(Hayden, et al. Antiviral Res, 9im'2Al (1988)). 

The present invention therefore provides pharmaceutical compositions 
comprising a Group I agent and or a Group n agent These phannaceuttcal 
compositions may be administered orally, rectaUy, parraterally^ intracistenially, 
intravaginally, intraperitoneally, topically (as by powders, ointments, drops or 
transdermal patch), bucally, or as an oral or nasal spray. As used herein, 
'"pharmaceutically acceptable carrier^ is intended to mean a non-toxic solid, 
semisolid or liquid filler, diluent, encapsulating material or formulation auxiliary 
of any type. The term "parenteral" as used herein refers to modes of 
administration which include intravenous, intramuscular, intraperitoneal, 
intrastemal, subcutaneous and intraarticular injection and infusion. One of 
ordinary skill will recognize that the choice of a particular mode of administration 
can be made empirically based upon considerations such as the particular disease 
state being treated; the type and degree of the response to be achieved; the specific 
agent or composition employed; the age, body weight, general health, sex and diet 
of the patient; the time of administration and rate of excretion of the agent or 
composition; the duration of the treatment; drugs (such as a chemotherapeutic 
agent) used in combination or coincidental with the specific composition; and like 
factors well known in the medical arts. 

Pharmaceutical compositions of the present invention for parenteral 
injection may comprise pharmaceutically acceptable sterile aqueous or 
nonaqueous solutions, dispersions, suspensions or emulsions as well as sterile 
powders for reconstitution into sterile injectable solutions or dispersions just prior 
to use. Illustrative examples of suitable aqueous and nonaqueous carriers, 
diluents, solvents or vehicles include, but are not limited to, water, ethanol, 
polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), 
carboxymethylceuulose and suitable mixtures thereof, vegetable oils (such as olive 
oil), and injectable organic esters such as ethyl oleate. Proper fluidity can be 
maintained, for example, by the use of coating materials such as lecithin, by the 
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maintenance of the required particle size in the case of disperaions, and by the use 
of surfactants. 

The compositions of the present invention may also contain adjuvants 
such as preservatives, wetting agents, emulsifying agents, and dispersing agents. 
Prevention of the action of microorganisms may be ensured by the inclusion of 
various antibacterial and antifungal agents, for example, paraben, chlorobutanol, 
phenol sorbic acid, and the like. It may also be desirable to include isotonic 
agents such as sugars, sodium chloride, and the like. Prolonged absorption of the 
injectable pharmaceutical form may be brought about by the inclusion of agents 
which delay absorption such as aluminum monostearate and gelatin. 

In some cases, in order to prolong the eflfect of the ther^utic agent or 
inhibitor, it is desirable to slow the absorption from subcutaneous or intramuscular 
injection. This may be accomplished by the use of a liquid suspension of 
crystalline or amorphous material with poor water solubility. The rate of 
absorption of the drug then depends upon its rate of dissolution which, in turn, 
may depend upon crystal size and crystalline form. Alternatively, delayed 
absorption of a parenterally administered drug form is accomplished by dissolving 
or suspending the drug in an oil vehicle. 

Injectable depot forms are made by forming microenc^sule matrices of 
the drug in biodegradable polymers such as polylactide-polyglycolide. Depending 
upon the ratio of drug to polymer and the nature of the particular polymer 
employed, the rate of drug release can be controlled. Examples of other 
biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot 
injectable formulations are also prepared by entrapping the drug in liposomes or 
mioroemulsions vMch are compatible with body tissues. 

The injectable formulations can be sterilized, for example, by filtration 
through a bacterial-retaining filter, or by incorporating sterilizing agents in the 
form of sterile solid compositions which can be dissolved or dispersed in sterile 
water or other sterile injectable medium just prior to use. 

Solid dosage forms for oral administration include, but are not limited to, 
capsules, tablets, pills, powders, and granules. In such solid dosage forms, the 
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active compounds are preferably mixed with at least one phannaceutically 
accq}table excipient or carrier such as sodium citrate or dicalcium phosphate 
and/or a) fillers or extenders such as staidies» lactose, suCTOse, glucose, mannitol, 
and silicic acid, b) binders such as, for example, carboxymethylcellulose, 
5 alginates, gelatin, polyvinylpyrrolidone, sucrose, and acacia, c) humectants such 

as glycerol, d) disintegrating agents such as agar-agar, calcium carbonate, potato 
or tapioca starch, alginic add, certain silicate, and sodiiun carbonate, e) solution 
retarding agents such as parafQn, f) absoiption accelerators such as quaternary 
ammonium compounds, g) wetting agents such as, for example, cetyl alcohol and 
10 glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and I) 

lubricants such as talc, calcium stearate, m^esium stearate, solid polyethylene 
glycols, sodiimi lauiyl sulfate, and mixtures thereof. In the case of capsules, 
tablets and pills, the dosage form may also comprise buffering agents as 
appropriate. 

15 Solid compositions of a similar type may also be employed as fillers in 

soft and hard filled gelatin capsules using such excipients as lactose or milk sugar 
as well as high molecular weight polyethylene glycols and the like. 

The solid dosage forms of tablets, dragees, capsules, pills, and granules 
can be prepared with coatings and shells such as enteric coatings and other 

20 coatings well known in the pharmaceutical formulating art. They may optionally 

contain opacifying agents and can also be of a composition that they release the 
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, 
optionally, in a delayed maimer. Illustrative examples of embedding compositions 
i^ch can be used include polymeric substances and waxes. 

25 The active agents of Group I and/or Group II can also be in micro* 

encapsulated form, if appropriate, with one or more of the above-mentioned 
excipients. 

Liquid dosage forms for oral administration include, but are not limited 
to, pharmaceutically acceptable emulsions, solutions, suspensions, syrups and 
30 elixirs. In addition to the active compounds, the liquid dosage forms may contain 

inert diluents commonly used in the art such as, for example, water or other 
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solv^ts, solubilizing agents and emxilsifiers such as ethyl alcohol, isopropyl 
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl brazoate, propylene 
glycol, 13-butyIene glycol, dimethyl foimamide, oils (in paiticular, cottonseed, 
groundnut, coin, germ, olive, castor, and sesame oils), glycerol, tetrahydrofmfinyl 
S alcohol, polyethylene glycols and fiitty acid esters of sorbitan, and mixtures 

thereof. 

Besides inert diluents, the oral compodtions may also contain adjuvants 
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, 
and perfuming agents. 

10 Suspensions, in addition to the active compoxmds, may contain 

suspending agents as, for example, ethoxylated isostearyl alcohols, 
polyoxyethylene sorbitol and sorbitan esters, microcrystallme cellulose, aluminum 
metahydroxide, bentonite, agar-agar, and tragacanth, and mixtures thereof 

The agent or inhibitor can also be administered in the form of liposomes. 

IS As is known to tfiose skilled in the art, liposomes are generally derived firom 

phospholipids or other lipid substances. Liposomes are formed by mono- or 
multi-lamellar hydrated liquid crystals that are dispersed m an aqueous medium. 
Any non-toxic, physiologically acceptable and metabolizable lipid c£^able of 
forming liposomes can be used. The present compositions in liposome form can 

20 contain, in addition to the agent or inhibitor, stabilizers, preservatives, excipients, 

and the like. Preferred lipids are phospholipids and phosphatidyl cholines 
(lecithins), both natural and synthetic. Methods to form liposomes are known in 
the art See, e.g.. Prescott, ed., METHODS IN Cell Biology, Volume XIV, 
Academic Press, New York, N.Y. (1976), p. 33 e( seq, 

25 The agents of the present invention can be formulated according to 

known methods to prepare pharmaceutically acceptable compositions, whereby 
these materials, or their functional derivatives, are combined in a mixture with a 
pharmaceutically acceptable carrier vehicle. Suitable vehicles and their 
formulation, inclusive of other human proteins, c.^., human serum albumin, are 

30 well known in the art. In order to form a pharmaceutically acceptable composition 
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suitable for effective administration, such compositions will contain an effective 
amount of one or more agents of the present invention. 

Additional pharmaceutical mediods may be employed to control the 
duration of action. Control release prq)arations may be achieved through the use 
of polymers to complex or absorb the therapeutic agents of the inventioxL The 
controlled delivery may be exercised by selecting appropriate maCTomolecules 
(such as polyesters, polyamino acids, polyvinyl, pyrrolidone, ethylenevinylacetate, 
methylcellulose, carboxymethylcellulose, or protamine sulfate) and methods of 
incorporation in order to control release. Another possible method to control the 
duration of action by controlled release preparations is to incorporate antibodies 
into particles of a polymeric material such as polyesters, polyamino acids, hydro- 
gels, poly(lactic acid) or ethylene vinyl acetate copolymers. Alternatively, instead 
of incorporating these agents into polymeric particles, it is possible to entrap these 
materials in microcapsules prepared, for example, by coacervation techniques or 
by interfacial polymerization, for example, hydroxymethylcellulose or gelatine- 
microcapsules and poly(methylmethacylate) microcapsules, respectively, or in 
colloidal drug delivery systems, for example, liposomes, albumin microspheres, 
microemulsions, nanoparticles, and nanocapsules or in macroemulsions. 

The pharmaceutical formulations of the present invention are prepared, 
for example, by admixing the active agent with solvents and/or carriers, optionally 
using emulsifiers and/or dispersants, whilst if water is used as the diluent, organic 
solvents may be used as solubilizing agents or auxiliary solvents. As described 
above, the excipients used include, for example, water, pharmaceutically 
acceptable organic solvents such as paraffins, vegetable oils, mono- or 
poljrfunctional alcohols, carriers such as natural mineral powders, synthetic 
mineral powders, sugars, emulsifiers and lubricants. 

One of ordinary skill will appreciate that effective amoimts of the 
inventive therapeutic agents can be determined empirically and may be employed 
in pure fonn or, where such forms exist, in phannaceutically acceptable salt, ester 
or prodrug form. The agonist or antagonist my be administered in compositions in 
combination with one or more pharmaceutically acceptable excipients. It will be 
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xmderstood diat, vAi<&n administered to a htiman patient, the total daily usage of tiie 
agents and compositions of the pr^ent invention will be decided by the attending 
physician within the scope of sound medical judgement The specific 
th^peutically effective dose level for any particular patient will depend upon a 
variety of factors including the type and degree of the response to be achieved; tiie 
specific agent or composition employed; flie age, body weight, general health, sex 
and diet of the patient; the time of administration, route of administration, and rate 
of excretion of the agent or composition; the duration of the treatmrat; drugs (such 
as a chemotherapeutic agent) used in combination or coincidental with the specific 
composition; and like factors well known in the medical arts. 

Techniques of dosage determination are well known in the art for 
antibody and peptide agents. In general, it is desirable to provide a patient with a 
dosage of antibody or peptide agent in the range of from about 1 pg/kg to 10 
mg/kg (body weight of patient). The therapeutically effective dose can be lowered 
if the agent of the present invention is additionally administered with another 
compound. As used herein, one compoimd is said to be additionally administered 
with a second compound when the administration of the two compounds is in such 
proximity of time that both compounds can be detected at the same time in the 
patient's serum. 

For example, satis&ctory results are obtained by oral administration of 
therapeutic dosages on the order of &om 0.05 to 10 mg/kg/day, preferably 0.1 to 
7.S mg/kg/day, more preferably 0.1 to 2 mg/kg/day, administered once or, in 
divided doses, 2 to 4 times per day. On administration parenterally, for example 
by i.v. drip or infusion, dosages on the order of from 0.01 to 5 mg/kg/day, 
preferably 0,05 to 1.0 mg/kg/day and more preferably 0.1 to 1.0 mg/kg/day can be 
used. Suitable daily dosages for patients are thus on the order of fix)m 2.5 to 500 
mg p.o., preferably 5 to 250 mg p.o., more preferably 5 to 100 mg p.o., or on the 
order of from 0.5 to 250 mg i.v., preferably 2.5 to 125 mg i.v. and more preferably 
2.5 to 50 mg i.v. 

Dosaging may also be arranged in a patient specific manner to provide a 
predetermined concentration of an agent in the blood, as determined by the RIA 
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technique. Thus patient dosaging may be adjusted to achieve regular on-going 
trough blood levels, as measured by RIA, on the order of from 50 to 1000 ng/ml, 
preferably 150 to 500 ng^il. 

The agents of the present invention are intended to be provided to a 
patient in an amount sufficient to reduce the amotmt or rate of binding of human 
APP to LRP. An amount is said to be sufficient to "reduce the amount or rate of 
APP binding" if the dosage, route of administration, etc. of the agent is sufQcient 
to reduce the amoimt or rate of APP attachment to the LRP receptor. Such an 
effect can be assayed, for example, by examining the onset of Alzheimer's disease 
symptoms occurring in vivo, or by correlating in vitro blocking studies with 
predicted in vivo efficacy. 

The administration of the agents of the present invention may be for 
either prophylactic or therapeutic purpose. When provided prophylactically, the 
agent is provided in advance of any Alzheimer's disease symptoms. The 
prophylactic administration of the agent serves to prevent or reduce the rate of 
onset of symptoms. When provided therapeutically, the agent is provided at (or 
shortly after) the onset of the appearance of symptoms of actual disease. The 
therapeutic administration of the agent serves to reduce the severity and duration 
of Alzheimer's disease. 

The present invention further includes the use of the agents of the present 
invention in diagnostic applications. The Group I agents of the present invention 
can be used to detect the presence of LRP in a test sample. The Group 11 agents of 
the present invention can be used to detect the presence of APP in a test sample. 

Conditions for incubating an agent with a test sample vary. Incubation 
conditions will depend on factors such as the type of agent, format, and detection 
system employed for the assay, as well as the nature of the test sample used in the 
assay. For example, condition will vary slightly when a whole antibody, a single 
chain antibody, a F(ab) fragment, or a peptide agent is used. One skilled in the art 
will recognize that any one of the commonly available immunological assay 
formats (such as radioimmunoassays, en^me-linked immunosorbent assays, 
diffusion based ouchterlony, or rocket immunofluorescent assays) can readily be 
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adapted to employ the antibodies of the present invention, ^camples of such 
assays can be found in T. Chard, An Introduction to Radioimmimoassay and 
Related Techniques ^ Elsevier Science Publishers, Amsterdam, The Netherlands 
(1986); G.R. Bullock et al.. Techniques in Immunocytochemistry, Academic Press, 
Orlando, FL Vol. 1 (1982), Vol. 2 (1983), Vol. 3 (1985); and R TijssCT. P., 
Practice and Theory of Enzyme Immunoasscys: Laboratory Techniques in 
Biochemistry and Molecular Biology, Elsevier Science Publishers, Amsterdam, 
The Netherlands (1985). 

In one embodiment of the above-described method, the agent of the 
present invention is immobilized on a solid support for use in the diagnostic assay. 
Illustrative examples of such solid si9>ports include, but are not limited to, plastics 
such as polycarbonate, complex carbohydrates such as agarose and sepharose, and 
acrylic resins, such as polyacrylamide and latex beads. Techniques for coupling 
agents such as antibodies, peptides and the like to such solid supports are well 
known in the art, as described, for example, in D.M. Wek et al , Handbook of 
Experimental Immunologyy 4th Ed., Blackweli Scientific Publications, Oxford, 
England, Chapter 10 (1986) and W.D. Jacoby et aL Metk Enzym. 34, Academic 
Press, N.Y. (1974). 

Additionally, one or more of the agents of the present invention which is 
used in one of the above-described methods can be detectably labelled prior to 
use, for example, through the use of radioisotopes, affinity labels (such as biotin, 
avidin, etc.), enzjonatic labels (such as horse radish peroxidase, alkaline 
phosphatase, etc.) fluorescent labels (such as FITC or rhodamine, etc.), 
paramagnetic atoms, etc. Procedures for accomplishing such labelling are well- 
known in the art (L.A. Stemberger et al, J. Histochem, Cytochem. 18:315 (1970); 
E.A. Bayer et al, Metk Enzynt 62:308 (1979); E. Engval etaL, Immunol. 
109:129 (1972); and J.W. Coding, J. Immunol Metk 75:215 (1976)). 

The materials used in the inventive assays are ideally suited for the 
preparation of a kit For example, the present invention provides a 
compartmentalized kit to receive in close confinement, one or more containers 
which comprises: 
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a) a first container comprising an agent capable of binding to the 
LRP binding site; and 

b) one or more other containers comprising one or more of the 
following: wash reag^ts and reagents capable of detecting the 

5 presence of bound agents from the first container. 

As used h^in» a conq)artmentaiized kit includes any kit in which 
reagents are contained in separate contains. Illustrative examples of such 
containers include^ but are not limited to, small glass containers, plastic containers 
or strips of plastic or paper. Partictdarly preferred types of containers allow the 

10 skilled worker to efBciently transfer reagents 6om one compartment to another 

compartment such that the samples and reagents are not cross-contaminated and 
the agents or solutions of each container can be added in a quantitative fashion 
fi^om one compartment to another. Such containers include, but are not be limited 
to, a container which will accept the test sample, a container which contains one or 

1 5 more of the agents of the present invention used in the assay, container which 

contain wash reagents (such as phosphate buffered saline, Tris-buffers, etc.), and 
containers which contain the reagents used to detect the bound agent. 

The types of detection reagents which can be used in the above described 
kits include, but are not limited to, labelled secondary agents, or in the alternative, 

20 if the primary agent is labelled, enzymatic or agent binding reagents vdiich are 

capable of reacting with the labelled agent. One skilled in the art will readily 
recognize that the agents of the present invention can be readily incorporated into 
one of the established kit formats which are well known in the art. 

A fiutiier aspect of the present invention concerns DNA molecules which 

25 encode for the polypeptide and antibody agents of Group I and/or Group II. The 

starting nucleotide molecules can be obtained by the person skilled in the art using 
known methods. Moreover, the DNA molecules, where the amino acid sequence 
is known, may be produced synthetically (e.g. according to Edge et al , Nature 
292:756-762 (1981)) or by methods such as PGR (Sambrook et al. Molecular 

30 Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press (1 989)). 

The DNA sequences of the present invention include not only the actual 
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nucleotide sequence used by the organism from vAuch the receptor protein is 
derived but also includes all degenerate forms which encode a peptide with the 
desired sequence. 

The invention includes DNA sequences which have been modified 
5 utilizing methods known in the art» such as those generated by mutation, deletion, 

transposition or addition. The preferred mutations will introduce stop codons 
within die RAP sequence so that a truncated protein will be generated. 

The present invention further includes DNA vectors which contain the 
DNA sequences described above and below. In particular, these may be vectors in 

10 which the DNA molecules described are functionally linked to control sequences 

which allows expression of the corresponding polypeptides. These are preferably 
plasmids which can be replicated and/or expressed in prokaryotes such as E. coli 
and/or in eukaryotic systems such as yeasts or mammalian cell lines. These 
vectors may also be mammalian viral vectors which can be replicated and/or 

IS expressed in eukaryotes such as mammalian cell lines and in the himian patient, as 

"host," for integration into the celMar genome of the patient and expression as 
genetic therapy systems. 

The invention also includes host organisms transformed with the above 
vectors. Expression in prokaryotes and eukaryotes may be carried out using 

20 techniques known in the art The DNA sequences according to the invention may 

be expressed as fusion polypeptides or as intact, native polypeptides. Fusion 
proteins may advantageously be produced in large quantities. They are generally 
more stable than the native polypeptide and are easy to purify. The expression of 
these fusion proteins can be controlled by normal host DNA sequences. 

25 For example, the DNA sequences according to the invention can be 

cloned and expressed as lacZ fusion genes in E. colL A person skilled in the art 
has a variety of vector systems available for this purpose, e.g. the pUR-vector 
series (U. Riither and B. MOller-Hill, EMBOl 2:1791 (1983)). The 
bacteriophage promoter Xp^ may also be used, in the form of the vectors pEX-1 to 

30 -3, for expressing large amounts of Cro-P-galactosidase fusion protein (K.K. 

Stanley and J.P. Luzio, EMBOl i:1429 (1984)). Analogously, the tac promoter 
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vAnA can be induced vdth IPTG can also be used, for example in the fonn of the 
pROK-vector sai es (CLONTECH Laboratories). 

The prerequisite for producing intact native polypeptides using E. coli is 
the use of a strong, rcgulatable promoter and an effective ribosome binding site. 
Promoters which may be used for this purpose include the temperature sensitive 
bacteriophage Ap^-promoter, the tac-promoter inducible with IPTG or the T7- 
promoter. Numerous plasmids with suitable promoter structures and e£5cimt 
ribosome bindmg sites have been described, such as for example pKC30 (Ap^; 
Shimatake and Rosenb^, Nature 292:12% (1981), pKK173-3 (tac, Amann and 
Brosius, Gene 40:n3 (1985)) or pET-3 (T7-promoter (Studio and Moffat, J. Mol 
Bioll89:\U{m6)), 

A number of other suitable vector systems for expressing the DNA 
according to the invention in E. coli are known from the prior art and are 
described, for example, in Sambrook et al. Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press (1989)). 

Suitable E. coli strains which are specifically tailored to a particular 
expression vector are known to those skilled in the art (Sambrook et al^ 
Molecular Cloning: A Laboratory Manual^ Cold Spring Harbor Laboratory Press 
(1989)). The experimental performance of the cloning experiments, the 
expression of the polypeptides in E. coli and the working up and purification of 
the polypeptides are known and are described, for example, in Sambrook et al. 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press 
(1989). In addition to prokaryotes, eukaiyotic microorganisms such as yeast may 
also be used. 

For expression in yeast, the plasmid YRp7 (Stinchcomb et al Nature 
282:39 (1979); Kingsman et al.. Gene 7:141 (1979); Tschumper et al. Gene 
70:157 (1980)) and the plasmid YEpl3 (Bwach et al. Gene 5:121-133 (1979)) are 
used, for example. The plasmid YRp7 contains the TRPl-gene which provides a 
selection marker for a yeast mutant {e.g. ATCC No. 44076) wWch is incapable of 
growing in tryptophan-free medium. The presence of the TRPl defect as a 
characteristic of the yeast strain used then constitutes an effective aid to detecting 
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transfbnnationi^en cultivation is carried out The same is 

trae with the plasmid Y]^13, which contains the yeast gene LEU-2, vrfuch can be 
used to complete a LEU-2-minus mutant 

Other suitable maricer genes for yeast include, for example, the URA3- 
and HIS3-gene. Preferably, yeast hybrid vectors also contain a replication start 
and a marker gene for a bacterial host, particularly E. coli, so that the construction 
and cloning of the hybrid vectors and their precursors can be carried out in a 
bacterial host Other e9q>ression control sequaices suitable for expression in yeast 
mclude, for example, those of PH03- or PH05-gene. 

Other suitable promoter sequences for yeast vectors contain the 5 
flanking region of the gjoxes of ADH I (Ammerer, Methods ofErtzymoIogy 
70/:192-210(1983)),3-phosphoglyccratekinase(Hit25emane/a/., J. Biol Chem, 
255:2073 (1980)) or other glycolytic enzymes (Kawaski and Fraenkel, BBRC 

1 1 07-1 1 1 2 ( 1 982)) such as enolase, glycerinaldehyde-3-phosphate- 
dehydrogenase, hexokmase, pyruvate-decarboxylase, phosphofructokinase, 
glucose-6-phosphate isomerase, phosphoglucose-isomerase and glucokinase. 
When constructing suitable expression plasmids, the termination sequences 
associated with these genes may also be inserted in the expression vector at the 3'- 
end of the sequence to be expressed, in order to enable polyadenylation and 
termination of the mRNA. 

Oth^ promoters are the promoter regions.of the genes for alcohol 
.dehydrogenase-2, isocytochrome C, acid phosphatase and wizymes which are 
responsible for the metabolism of maltose and galactose. Promoters which are 
regulated by the yeast matmg type locus, such as promoters of the genes BARl, 
MFal, STE2, STE3, STE5 can be insCTted in temperature regulated systems by 
the use of temperature-dependent sir mutations. (Rhine, Ph.D. Thesis, University 
of Oregon, Eugene, Oregon (1979); Herskowitz and Oshima, The Molecular 
Biology of the Yeast Saccharomyces, Cold Spring Harbor Laboratory Press, part I, 
pp. 1 8 1 -209 (1 98 1 )). Generally, however, any vector which contains a yeast- 
compatible promoter and origin replication and termination sequences is suitable. 
Thus, hybrid vectors which contain sequences homologous to the yeast 2fi 
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plasmid DNA may also be used. Such hybrid vectors are incoiporated by 
recombination within the cells of Misting 2ji-pIaCTiids or replicate autonomously. 

In addition to yeasts, other eukaiyotic systems may, of course, be used to 
express the polypeptides according to the invention. Since post-translational 
modifications such as disulphide bridge formation, glycosylation, phosphorylation 
and/or oligomerization are firequently necessary for the expression of biologically 
active eukaryotic proteins by means of recombinant DNA, it may be desirable to 
express the DNA according to the mvention not only in tnammalim cell lines but 
also msect cell lines. 

Functional prerequisites of the corresponding vector systems comprise, in 
particular, suitable promoter, termination and polyadenylation signals as well as 
elements which make it possible to cany out replication and selection in 
mammalian cell lines. For expression of the DNA molecules according to the 
mvention it is particularly desirable to use vectors which are leplicable both in 
mammalian cells and also in prokaryotes such as E. coli. 

Vectors derived fi^om viral systems such as SV40, Epstem-Barr-vinis, 
etc., include, for example, pTK2, pSV2-dhf^, pRSV-neo, pKO-neo, pHyg, p205, 
pHEBo, etc. (Sambrook et al. Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Press, N.Y. (1989)). 

After transformation m suitable host cells, e.g. CHO-cells, corresponding 
transformed cells may be obtained with the aid of selectable markers (thymidine- 
kinase, dihydrofolate-reductase etc.) and the corresponding polypeptides are 
isolated after expression. The host cells suitable for the vectors are known, as are 
the techniques for transformation (micro-injection, electroporation, calcium 
phosphate method, etc.) as described, for example, in Sambrook et al, Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Press, N.Y. (1989). 

For cloning corresponding DNA fiagments in prokaryotic or eukaryotic 
systems, the selected vector may cut, for example, with a restriction endonuclease 
and, optionally after modification of the linearized vector thus formed, an 
expression control sequence equipped with corresponding restriction ends is 
inserted. At the 3 '-end (in the direction of translation) the expression control 



29 



wo 97/04794 



FCTAJS96n2686 



sequence contains the recognition sequence of a restriction endonuclease, so tbat 
the v«:tor already containing the expression control sequence is digested with the 
said restriction enzyme and the DNA molecule according to the invention, 
provided with ends which fit, can be inserted It is advantageous to cleave the 
vector vAdch ahready contains the expression control sequence with a second 
restriction endonuclease inside the vector DNA and to insert the DNA molecule 
provided with the correct ends into the vector fiagment produced. The techniques 
required are described, for example, by Sambrook et al Molecular Cloning: A 
Laboratory Manual Cold Spring Harbor Press. N.Y. (1989). 

Apart from the DNA molecules specified, the invention also relates to 
processes for preparing the vectors described herein, particularly expression 
vectors. These vectors are characterized in that a DNA provided with 
corresponding ends and coding for a functional derivative or a fiagment of the 
LRP receptor is inserted into a vector DNA cut with restriction endonucleases and 
containing the expression control sequences described by way of example, in such 
a way that the expression control sequences regulate the expression of the DNA 
inserted. The peptides and antibody agents of the present invention which are 
obtained by the expression of recombinant DNA or from the native receptor 
molecule may, of course, also be derivatized by chemical or enzjmiatic processes. 

The present invention is described in fiuther detail in the following non- 
limiting examples. 

Example 1: "^I-labeledAPP,770 Degradation by LRP-expressing Fibroblasts 

Wells contaming 2x10^ LRP-expressing (MEF) or LRP-deficient 
(PEA! 3) ceils were incubated with various concentrations (0.37 - 1 0 nM) of 
APPs770 (Panels A and B) or 125I-APPs695 (Panels C and D)for 10 h at 37 °C in 
the absence of competitor (•) or in the presence of either 1 ^iM RAP (O), or 100 
Hg/ml heparin (□). The cellular degradation of '^^I-labeled APP,770 by LRP- 
expressing MEF cells is shown in panel A and by LRP-deficient PEA13 cells in 
panel B. The cellular degradation of *^I-APP,695 by LRP-expressing cells is 
depicted in panel C and by LRP-deficient cells in panel Z>. Plotted values 
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represent means of duplicate determinations. Inset to panel By autoradiogram of 
*^Habeled APP,770 (lane 1) and APP,695 (lane 2). The migration position of 
molecular mass standards are indicated on the right in kDa. 

Example 2: LRP-deficient cells internalize and degrade ^^I-LDL, but not '^J- 

Wells containing 2x10^ LRP-expressing (•) or LRP-deficient (O) 
mouse fibroblasts were incubated with *^I-LDL (8 jxg/ml) or "^I-OjM* (1.4 nM) 
for selected time intervals. Specific internalization and degradation was 
determined by incubation of *"I-ligand in the presence of a 200-fold excess 
unlabeled ligand. Shown are the amounts of '^I-LDL internalized (panel A) and 
degraded (panel B), ^^^I-ttjM* internalized (panel C) and degraded (panel D). The 
plotted values represent means of duplicate determinations. 

Exang>le 3: Time course of the cellular internalization and degradation of"^I- 
APPJ70 

Mouse fibroblasts (2x10^ cells per well) were incubated for selected 
times with '^I- APP,770 (1 nM) in the absence of competitor (•) or in the 
presence of either 1 fiM RAP (O), or 100 ng/ml heparin (□). The amount of 
radioactivity internalized and degraded was determined at the indicated time 
intervals. Shown is the amount of internalization and degradation of APP,770 
by LRP-expressing MEF cells (panels A and B, respectively) and the 
internalization and degradation of '^I-APP,770 by LRP-deficient PEA13 cells 
(panels C and A respectively). The plotted values are means of duplicate 
determinations. 

Example 4: LRP-antibodies inhibit the degradation of'^^I-APPJJO by mouse 
fibroblasts 

Mouse fibroblasts (2x10^ cells/well) were incubated for 18 h at 37 °C 
with '"I-APP,770 (10 nM) in the absence of competitor or in the presence of 
either heparin (100 ng/ml), chloroquine (0.1 mM), RAP (1 fiM), affinity purified 
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anti*LRP IgG (100 fig/ml), or control IgG against the cytoplasmic domain of LRP 
(1 00 ^g/ml). Panels show the amount of *"I-APP,770 degraded by moiise 
fibroblasts expressing LRP (A) or ones deficient in LRP oppression (B). The data 
shown are means of diq>licate detominations ± S. E. 

Exanqple 5: LRP binds direcUy to APPJ70 in EUSA 

In panel Ay zinc-coated wells (O) or zinc-coated wells incubated with 
P^VpiQ (•) were mcubated with the APPs770 monoclonal antibody 7HS. In 
panel increasing concentrations of LRP (0.14-300 iM) were incubated for 18 h 
at 4^ with anc-coated wells (O) or zinc-coated wells with captured fiiP?piQ 
(•). Panel C, LRP (25 nM) was incubated with zinc-coated wells (O) or zinc- 
coated wells with captured APPj770 (•) in the presence of increasing 
concentrations of RAP (02 - 450 nM). Bound receptor was detected with the 
monoclonal LRP antibody 8G1 . In the absence of LRP thaie was no binding of 8G1 
IgG to APP,770-coated wells. Plotted values r^resoit means of di5)licate 
determinations. 

Example 6: ^^I-APPJJOzFactor DCa canplex is degraded by LRP-ejqiressing cells 
but not by LRP-i^ident cells 

Wells containing 2x10* LRP-«cpressmg (MEF) or LRP-defident (PEA13) 
cells were incubated with "^I-APP,770 (5 nM) or »^I-APPJ70:FIXa (3 nM) for 18 h 
at 37^ in the absrace of competitor or in the presence of 1 ^MRAP. Theamount 
of '^-labeled APP,770 or *^I- APP,770:Factor Ka degraded by LRP-«qiressing 
MEF cells is shown in panel A and that by LRP-defident PEAl 3 cells in panel B. 
Plotted values represent means of duplicate determinations. 

Example 7: Effect of apoE isoforms on the degradation op^^UAPPJlO by mouse 
fibroblasts 

Mouse fibroblasts (2 x 10*) were incubated for 18 h at 37**C with*^ I- 
APP/PN-2 (8.8 nM) in the absmce of competitor or in the presence of either RAP (1 
HM)), 10 jig/ml ^E3/pVLDL, 10 ng^ml apoE4/pVLDL , or 10 ^g^ml PVLDL. 

32 



wo 97/04794 



PCTAJS96/12686 



10 



The concCTtradon of apoE-enridied pVLDL represait the PVUDL protein before 
amchmmt with apoE. Panels show the amount of ^I-APP,770 d^radation by 
mouse fibroblasts expressing LRP (A) or deficit m LRP expression (B). The data 
^own are means of diq)Iicale determinations ±S.E. The inhibition was statistically 
dgnificant for both q)oE3-pVLDL and qx>E4-pVLDL, and for RAP F(4,lSh2L6S, 
pR.OOO I ; Fidier protected least significant diffoi^ce post hoc test showed that both 
^E3-pVLDL and qx)E4-pVLDL were diffoent fiom pVLDL alone QxO.05 for 
both) but not fix)m each ofliCT. RAP was also significantly diffeirat than aU other 
categories (pO.OOl), 



It will be apparent to those skilled in the art that various modifications 
and variations can be made in the methods of the present invention without 
departing fi-om the spirit and scope of the invention. Thus, it is intended that the 
present invention cover the modifications and variations of this invention provided 
15 they come within the scope of the appended claims and their equivalents. 

The disclosures of all patents, patent £q)plications» and publications 
referred to above are hereby expressly incorporated herein by reference. 



33 



wo 97/04794 



PCT/US96/12686 



What is claimed is: 

1 . A method for prevmting catabolism of amyloid P-precursor protein in a 
mammalian cell ^ch comprises contacting said cell with an agent that 
reduces the amount or rate of binding of amyloid p-precursor protein 
(APP) with one or more members of the low density lipoprotein (LDL) 
receptor family. 

2. The method according to claim U v^erein said member of the low 
density lipoprotein receptor &mily is the low density lipoprotein 
receptor-related protein (LRP). 

3. The method according to claim 2, herein said agent is an agent that 
which binds to the amyloid P-precursor protein binding site on the low 
density lipoprotein receptor-related protein. 

4. The method according to claim 2, wherein said agent is an agent that 
binds to the low density lipoprotein receptor-related protein binding site 
found on amyloid P-precursor protein. 

5. The method according to claim 3, wherein said agent is a functional 
derivative of amyloid P-precursor protein (APP) or receptor associated 
protein (RAP). 

6. The method according to claim 4, wherein said agent is an antibody or an 
antibody fragment containing the antigen binding domain that binds to 
the LRP binding site found on APP. 

7. The method according to claim 4, wherein said agent is a functional 
derivative of LRP. 
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8. A test kit for detennining A^ether an agent reduces the amount or rate of 
binding of amyloid p-precursor protein (APP) with the low density 
lipoprotein receptor-related protein (LRP), comprising a carrier means 
having in close confinement therein one or more container means at least 
S one of vMch contains an antibody that binds to the LRP binding site 

found on APP. 



9. A process for preparing antibodies that bind to the low density 
lipoprotein receptor-related protein (LRP) binding site found on amyloid 

10 p-precursor protein (APP), which comprises 

a. inununizing a host animal with an agent that binds to the LRP 
binding site on APP; 

b. fusing the B-lymphocytes of these host animals with myeloma 
cells; and 

1 5 c. subcloning and cultivating a hybrid cell line secreting a 

monoclonal antibody that binds to the LRP binding site found on 
APP. 

10. A method for reducing the rate of onset or the severity of Alzheimer's 
20 disease, which comprises administering to an animal an agent which 

binds to the low density lipoprotein receptor-related protein (LRP) 
binding site on the amyloid P-precursor protein (APP) and/or which 
binds to the APP bindmg site on the LRP, in an amount effective to 
reduce the rate of APP attachment to the LRP. 

25 

H . A pharmaceutical composition for therapeutic treatment of Alzheimer's 
disease^ comprising at least one agent selected from the group consisting 
of an agent which binds to the low density lipoprotein receptor-related 
protein (LRP) binding site on the amyloid P-precursor protein (APP), an 
30 agent which binds to the APP binding site on the LRP, and the native 

receptor molecule of the LDL-receptor family; and 
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a phaimaceutically acceptable 

12. A method for identifying substances which inhibit the binding of a ligand 
(RAP) or amyloid P-precursor protein (APP) to a protein of the low 
density lipoprotein receptor family, comprising the steps of: 

a) incubating the receptor, or a soluble forni of the receptor, with 
RAP or APP in tiie presence of a potential inhibitor substance; 
and 

b) detennining the extent of binding of RAP or APP to the receptor 
or receptor fragment 

13. A method for detecting receptors of the low density lipoprotein receptor 
family, comprising the steps of: 

a) incubating a substance derived from a fragment of receptor 
associated protein (RAP) or amyloid P-precursor protein (APP) 
which contains a binding activity for the receptor with a sample; 
and 

b) determining the extent of binding of the RAP or APP material to 
the sample. 

14. A method for supplying a therapeutically active substance into a cell, 
comprising the steps of: 

a) coupling a therepeutically active substance with a fragment of 
receptor associated protein (RAP) or amyloid P-precursor protein 
(APP) with a binding activity on the low density lipoprotein 
receptor; and 

b) contacting said therapeutically active substance coupled to said 
fragment of RAP or APP with said cell under conditions 
sufiBcient to bind said fragment of RAP or APP to said receptor in 
a manner effective to introduce said therapeutically active 
substance into said cell. 
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A. CLAS^CAHON op subject MATTER: 

n>C(Q: 

A61K 37/18, 38m, 39/395; GOTK 14A»» 16m, 17^00; C12P 21AM; OOIN 33/53, 33/567 

A. CLASSIFICAHON op SUBIECT MATTER: 

USCL : 

424/130.1. 141.1, 1^,1; 435n.21, 70.21; 436M7. 548; 514/2; 53Q045, 350, 402, 387.1. 388.1, 388.22 

B. FIELDS SEARCHED 

EfectraowditebtacvooiisiiltBdQIaaieofdtteb^ used): 

APS, DIALOG, MEDUNB, BIOSYS, CAB ABSTRACTS, EMBASE, JAPIO, DERWENT WPT, DERWENT 

BIOTECHNOLOGY ABSTRACTS. 

•CKfcbtenni: bw densi^ lelitad ^wptotoa no^^ 

pncttnorpmeiB, APP, amted^r, immiaoglobulm, mimoGloiial, teicca, ddecl, ecmjugitfB, ualog, tgoniit, anlagoiiiit 

BOX D. OBSERVATIONS WHERE UNnY OP INVENTION WAS LAOONG 
Thii ISA fiNtnd asaSdflh nvcmion at ibibwi: 

Group I, cbim(s) Ml, dnwnto iiictbodt for pxcvcaidngthe catt^ ^-pmoiior procdn in vivo tnd in 

vitro by con ta r tl ng « oefl widi an agent which rahiocs the amouat or nte of binding of the amyloid ^i>rectinor protean 
with one or mom nicinbcn of the kw daaity lipopiotem 

Qmup n, daini(a) 12, drawn to a method for idealising nibitaBoea which inh&k the binding of a ^^nd (RAP) or APP 
to a pnitdn of the low dcotaty B pop rocein leocplor family. 

Group m, claim(a) 13, drawn to a method for detectiag reoepton of the low dcaaity lipopfotein icocptor fiumiy. 
Group IV, e]aim(8) 14, drawn to a method for nvplying a thctapcutically acthre suhttanoe into a oeU. 

The ipedal teehnical taurea arc aa follDwa: 

Group I - ^gnrta which reduce the fate of bimfing of the amyloid ^-preeunor protein with one or more memben of the 
low denaiQf l i po pr ot e in receptor fomily. 

GiDtq» n - method of acreoiing for agenu which inh9>it the bind of RAP or APP to one or mote memben of the low 
denrity IqiopieCein reocfrtor fomify, this it a leoond method whkh relies on the inhfoition of binding of APP to the one 
or more m r .nibtia of dte low denaity l^x^woteia receptor family. 

Group m - method tor drtecting rceeptora of the low denai^ lipoprotein receptor fomily using RAP or APP as qiecifie 
binding agenis, and thus RAP and APP are the specklteebucalfeBtMiea of this method. 

GnN9lV.aoagei«oompriaedofatherapei«icaDyaotivesiMaaoeooupledto thus the 

co^M agcflt is the qieenl technical feature.The invemioiis iirted as Gfo^ E, DI and IV do not folate to a ain^ 
inventive concept under PCT Rufe 13.1 because, under PCT Rule 13.2, they lack th^ 

technical features for the foDowiog nattons: the groups foil lo share the aame or similar speeial technical feature as 
defined directfy above. Because the groups foil to share a special technical fdOure, the clainu are not so linM 
apecial technical feature within the meaning of PCT Rule 13.2 so as to fonn a sin^ inventive concept. 
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